All data underlying the study are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Despite progress in the past 15 years, levels of child stunting and maternal undernutrition in Ethiopia remain unacceptably high \[[@pone.0203914.ref001]\]. The levels reported in the 2011 Demographic and Health Survey (DHS) showed slight improvement (in children only) compared with previous DHS \[[@pone.0203914.ref002]\], but were still *'very high'* by World Health Organization (WHO) standard \[[@pone.0203914.ref003]\]. A mini-DHS survey in 2014 reported a 40.4% prevalence of child stunting in Ethiopia, a small improvement over a five year period \[[@pone.0203914.ref004]\]. Maternal undernutrition, however, had not changed since the first DHS in 2000 \[[@pone.0203914.ref001], [@pone.0203914.ref002], [@pone.0203914.ref005]\].

Maternal and child undernutrition has been a local and global public health concern with far-reaching consequences, ranging from poor health outcomes to loss of economic gains and productive citizens due to morbidity and mortality associated with poor nutrition. Research has estimated over 3 million child deaths annually (45% of all child deaths) due to undernutrition and suboptimal care for young children \[[@pone.0203914.ref006], [@pone.0203914.ref007]\]. Undernutrition in mothers has been identified as a major risk factor for poor health outcomes in offspring, such as poor fetal-growth, low-birthweight and poor development in the first two years after birth, resulting in stunted-growth and poor health later in life \[[@pone.0203914.ref006], [@pone.0203914.ref008], [@pone.0203914.ref009]\]. Child undernutrition particularly stunting is a major problem. Stunting is linked with some serious consequences such as poor cognitive development, lower school performance--hence, loss of income and productivity---which further perpetuates intergenerational undernutrition due to the subsequent poor economic capacity to provide adequate care for one's offspring \[[@pone.0203914.ref010]\]. Realizing the grave consequences of malnutrition, local and international governments, as well as humanitarian agencies have sought ways to mitigate the problem of undernutrition through implementation of various health and nutrition programs.

Since 2008, the Ethiopian government has implemented a National Nutrition Program (NNP) that aimed at improving the nutrition of women and children \[[@pone.0203914.ref011]\]. The NNP set a specific target for reducing undernutrition in children but not for women. For this and other concerns, the NNP was revised few years into its implementation to reflect a lifecycle approach in improving nutrition of women and children, and re-launched in June 2013 \[[@pone.0203914.ref012]\]. The revised NNP had specific targets of reducing child stunting (from 44.4% to 30%) and undernutrition in women of reproductive age (from 27% to 19%) nationally by 2015. The programme sought to achieve these objectives through strengthening nutrition service delivery within the health sector and nutrition-sensitive interventions across sectors. However, DHS reports in 2014 and 2016 showed these targets were not met for child stunting \[[@pone.0203914.ref004], [@pone.0203914.ref013]\]. This implies the need to strengthen and/or put in practice more comprehensive approaches to solving the problem of undernutrition.

One of such areas is recognizing that health is determined by more than individual factors, such as genetic predispositions and behaviour or life-style choices \[[@pone.0203914.ref014]\]. One's social and economic status such as gender, housing conditions, education, income, access to services, age and sanitation, collectively known as *social determinants of health*, are factors that need to be considered \[[@pone.0203914.ref014]\]. Nutrition is a vital component of health that affects and is affected by these factors. Women and young children are among the most at risk for poor nutrition particularly in Ethiopia where economic and social disparities tend to be greater. Even when food is available, women tend to be malnourished because of their gender status \[[@pone.0203914.ref015]\]. Women shoulder "triple roles", including their biological role of bearing-rearing children (reproductive), productive (farm work) and social (community) responsibilities \[[@pone.0203914.ref016]\]. These roles add significant work-load on women, increasing their risk for poor nutritional status. Undernutrition in women is also known to increase the risk of poor nutritional status in children \[[@pone.0203914.ref007], [@pone.0203914.ref017]\].

The National Nutrition Program in Ethiopia focused on improving nutrition for women and children through nutrition specific and sensitive activities, such as food security, diet diversification, therapeutic feedings, supplementation and fortification. The non-dietary factors, such as gender and socioeconomic-demographic factors, and their importance as underlying causes of maternal and child undernutrition were not emphasized in the program. Although the United Nations Children's Fund (UNICEF) conceptual framework of malnutrition outlined the underlying causes, research that examined the effects of such factors on mother-child undernutrition was limited in our study setting \[[@pone.0203914.ref018], [@pone.0203914.ref019]\]. Moreover, the impact of the NNP in improving undernutrition in mothers and children at regional levels have not been adequately assessed either.

The purpose of the current study was (i) to estimate levels of maternal and child undernutrition in selected rural communities of Ethiopia five years into the implementation of the NNP and (ii) to explore, the association of maternal-child undernutrition phenomenon with gender, socioeconomic-demographic factors, access-utilization of health services and nutrition related knowledge/practices of mothers during pregnancy and lactation. We hypothesized that levels of maternal-child undernutrition as well as the socio-economic factors affecting it would differ in the selected rural communities.

Participants and methods {#sec002}
========================

Setting, participants and ethics {#sec003}
--------------------------------

The baseline data reported here was collected as part of a community-based intervention study in three purposively selected rural *Kebeles* (referred herein as communities). *Kebeles* are the smallest administrative units in the government structure and may contain about 500 households each. Two of the three communities (*Guba-Sherero* and *Holagoba-Kukie)* were selected from rural *Halaba*, a Woreda (\~District) in Southern Nations, Nationalities and People's Region (SNNPR). The Woreda/District is located \~85 kilometers northwest of *Hawassa*, the capital of SNNPR. It is known for growing pepper and pulses, which are considered cash crops for the farmers. The third rural community (*Edo-Qontola*) was selected from *Adami-Tulu-Jido-Kombolcha* (ATJK) District near Zeway town, in the Regional State of Oromiya. It is located about 160 kilometers southeast of Addis Ababa, Ethiopia's capital. Maize, teff, wheat, barley and different oil seeds are the major crops produced in the district. The area is characterized as dry land with both irrigated and rain-fed crop productions. The study communities were part of a larger Ethiopia-Canada project between Hawassa University (Ethiopia) and the University of Saskatchewan (Canada) that sought to improve agricultural productivity and human health in south Ethiopia \[[@pone.0203914.ref020]\].

In all the three communities, the study population were mothers and their \<5yrs of age children. Hence, the inclusion criteria were households in the community with mothers and children \<5yrs of age. The sample size was determined using formula for cross-sectional studies in each community \[[@pone.0203914.ref021]\]: $n_{o} = \left\lbrack Z_{1 - \frac{\alpha}{2}}^{2}p({1 - p}) \right\rbrack/d^{2}$ and *n* = *n~o~N*/\[*n~o~* + (*N* − 1)\] where *n~o~*, *n* stand for sample sizes before and after applying "finite population correction" factor, respectively; Z = 1.96, p = probability of expected prevalence, N = total population of interest and d = margin of error. In this study, prevalence of maternal undernutrition was taken as expected prevalence; p = 0.27 with a margin of error (d) of 5% for calculation of the sample size. The calculation yielded 200 households with mother-child pairs per each community. Adding a 5% contingency, a total of 630 mother-child pairs, (i.e. 413 from the two communities in Halaba and 217 from the third community in Zeway) were required. Sample size in Halaba was higher as two of the selected communities from this district were merged for this analysis. The selection of additional community in Halaba was needed for a subsequent intervention-control study. Selection of individual households was carried out by first obtaining a list of all eligible households (those with mothers and under five children) from the local health post and applying simple random sampling. In this study, a household was defined as one that had a mother and at least one under five years of age child and was served by the local health-post regardless of whether polygamy was practiced or not. Whenever households had more than one eligible child, the youngest was considered. The study was approved by the University of Saskatchewan Behavioral Ethics Board (BEH \#12--357) as well as the Regional Health Bureaus of SNNPR and Oromiya. All mothers gave oral consent to participate in the study. Due to the low literacy rate in rural Ethiopia, obtaining written consent was not feasible. Oral consent was the most and culturally appropriate way of obtaining informed consent. The consent information was written in simple and easy-to-understand manner which was also translated into the local language. Consent forms were attached on a coded interview questionnaire for each participant. Female data collectors read and explained to each participant the purpose of the research as outlined in the consent form. Once participants gave oral consent to participate in the study, the data collectors wrote the participants' full name on the consent form to indicate consent. This was then signed by the Principal Investigator (GE), detached from the interview questionnaire and stored in safe locker. The obtaining of oral consent was approved by the ethics committees. The study was carried out in March-June 2013.

Data collection, tools, variables {#sec004}
---------------------------------

Information on the characteristics of participating households was collected by a questionnaire adapted from previous national and local surveys in the region \[[@pone.0203914.ref022]--[@pone.0203914.ref024]\]. We collected information on household size (number of usual members of the household), number of children \<5yrs of age, marital status, polygamy, education of mothers and their husbands (no formal education = never attended school, primary = grade 1--6; post-primary = above grade 6), household headship, usual occupation, ownership of domestic animals, cultivable land, ownership of various household assets, housing characteristics (roof, floor, window material, number of rooms), sanitation facility, access to drinking water, persons responsible for fetching water and time required to fetch water, women's access to their own farm land, person in charge of agricultural produce and some other variables.

The questionnaire also contained a section that assessed access and utilization of health/nutrition services as well as dietary habits of mothers during their most recent pregnancy and lactation; these items were adapted from the baseline survey for national nutrition program \[[@pone.0203914.ref022]\]. Information on access and utilization of health/nutrition services included whether mothers had visited any healthcare facility, type of healthcare facility visited, number of visits, place of delivery of the youngest child, and whether mothers had received iron/folate supplement, as well as if mothers had received any health/nutrition education during/after their most recent pregnancy. Additional questions asked include whether mothers abstained from eating certain foods during pregnancy for cultural reasons including the type of foods avoided this way (food taboos), what their eating pattern was like (same, less, more than usual) during pregnancy and lactation, as well as whether mothers knew what balanced diet was.

From the data collected, we created a set of variables to reflect gender, economic and demographic structures of the study households. Difference in years of formal schooling between husband and wife (i.e. years of formal schooling of husband minus that of wife) was used as a proxy measure for empowerment index for the household. The use of years of formal schooling to measure empowerment is supported in literature \[[@pone.0203914.ref025], [@pone.0203914.ref026]\]. We also used the length of time required to fetch drinking water as a proxy measure to estimate work burden on women. WHO/UNICEF recommend that drinking water should be accessible within 30 minutes of round trip from one's residence \[[@pone.0203914.ref027]\]; thus, if time required to fetch water took 30 minutes or longer, this would significantly increase work burden.

Women's access to own-piece of farm land, control over agricultural produce, and polygamy were also variables used to reflect the gender dimensions of participating households. Likewise, we used information on cultivable land size per household and number of persons per household to calculate physiological density (i.e. the number of persons in the household/unit of cultivable land) and which provided information on how much land was available to produce food for the family. We then placed participating households into two categories (≤8 persons/ha or \>8 persons/ha) and explored associations with nutritional status of mothers and children. Ownership of livestock is another important resource for agricultural communities in Ethiopia. We used the number and type of livestock information to calculate Tropical Livestock Units (TLU) for each household and divided the households as having low, average or high TLU. One TLU is estimated as the equivalent of 250 kg livestock \[[@pone.0203914.ref028]\].

A wealth index (WI) was also developed for each participating household to classify households based on socioeconomic status. To achieve this, we used various assets owned by households and other housing and sanitation related characteristics. The assets include ownership of radio, TV, mobile phone, bicycle, horse/donkey cart, motorcycle, handheld torch and oxen. Housing characteristics include roofing structure (corrugated iron or thatched grass roof), flooring materials (cow dung smeared/cement or mud/earth), presence or absence of windows, crowding (persons per sleeping room ≤5 or ≥6) as well as presence or absence of an improved sanitation facility. The use of asset-based approach to determine households' socioeconomic status is also common in DHS surveys at national level \[[@pone.0203914.ref001], [@pone.0203914.ref029]\]. It is usually used for poor countries where large proportion of the population does not have regular income. Various methods can be used to weigh each item (in our case all binary variables) and calculate the actual index \[[@pone.0203914.ref030]\]. Each household received a score of 1 or 0 depending on whether it owned a particular asset. We then weighted each binary variable by the inverse of the proportion of households that owned the particular asset or had the particular characteristics \[[@pone.0203914.ref030]\]. This method assumes that if assets are owned by just the few, it is an indication that those "few" are wealthier than those that do not own the asset, hence they are given greater weight. After calculating WI for each household, households were grouped into low, medium and high WI categories.

Trained female data collectors (mainly nurses) who fluently spoke the local languages administered the interview questionnaire at participants' residence. Data collection was supervised by the principal investigator (GE) and B.Sc. nutrition graduates who also spoke the local language fluently. Anthropometric measurements of mothers and their children were carried out at the nearest health facility (health post and health centre), local school campus or outside the local *Kebele* office. On separate dates, participants living near to any one of these locations were invited to attend the anthropometric measurement sessions. Those who could not attend were visited at their residence. One person (GE) conducted all anthropometric measurements for both mothers and children to avoid inter-measurer errors. Child anthropometry included weight (measured to the nearest 10g) using electronic scale (Seca 770, Seca Corporation, Hanover, MD, USA); height (for children ≥24 months of age)/recumbent length (for children \<24 months) (measured to the nearest 0.1cm) using adult/infant length/stature measuring board (Perspective Enterprises, Portage, MI, USA); head circumference (measured to the nearest 0.1cm) using a flexible non-stretch tape; mid-upper arm circumference (MUAC) (measured to the nearest 0.1cm) using colored insertion tape for children; and triceps skinfold thickness (measured to the nearest 0.2mm) using skinfold caliper (*Holtain* Ltd, Crymych, United Kingdom). Mothers' anthropometry included weight (to the nearest 0.1kg), height (to the nearest 0.1cm) and MUAC (to the nearest 0.1cm). All measurements were taken in duplicate and averages were considered when the duplicates were similar. If the values were not similar, a third measure was taken to obtain the average of the two similar values. Standardized procedures were employed when taking body measurements \[[@pone.0203914.ref003], [@pone.0203914.ref023]\]. Birthdates for children were determined from immunization cards while age of mothers was asked verbally.

Data analysis {#sec005}
-------------

Questionnaires were inspected daily and errors or inconsistencies were corrected at the field level. Information from questionnaire was entered in SPSS computer package (IBM SPSS Statistics version 20, IBM Corp., Armonk, NY, USA) and cleaned by running simple frequency distributions. Univariate and bivariate analysis was performed for the descriptive statistics. Bivariate and multiple variable regression analysis were performed to explore associations of gender and socioeconomic-demographic variables with maternal and child undernutrition \[i.e. Body Mass Index (BMI) \< 18.5 kg/m^2^ and Length- or Height-for-age Z score (LAZ or HAZ) \< -2 Standard Deviation (SD), respectively\] using *Chi square tests and Multiple Classification Analysis (MCA)*. Only variables that were significant in the bivariate analysis were included in the MCA. Maternal BMI and child LAZ/HAZ as continuous variables served as main outcome variables and results were presented with the associated *Eta* (η) and *Beta* (β) values, indicating the bivariate and multiple variable coefficients of variation, respectively.

WHO Anthro (ver. 3.2.2) 2011 was used to analyse all anthropometric data for children. Mean length- or height-for-age z-score (LAZ/HAZ), weight-for-length/height z-score (WLZ/WHZ), weight-for-age z-score (WAZ), MUAC-for-age z-score, head circumference-for-age z-score, triceps skinfold thickness-for-age z-score (only for children ≥ 3 months) and BMI-for-age z-score were calculated. Differences were tested using *t-test for independent samples*. Prevalence of stunting (LAZ/HAZ \<-2SD), wasting (WLZ/WHZ \<-2SD) and underweight (WAZ\<-2SD) were also calculated. Body measurements from mothers were directly entered in SPSS spreadsheet and average MUAC, weight, height, as well as maternal short stature (as %\<145cm in height) were calculated \[[@pone.0203914.ref003]\]. BMI of non-pregnant mothers and severity of maternal undernutrition were estimated per WHO classification of BMI (i.e. \<18.5 kg/m^2^ = underweight, 18.5--24.9 kg/m^2^ = normal and \>25 kg/m^2^ = overweight/obese). Since MUAC is relatively stable during pregnancy \[[@pone.0203914.ref031]\], all mothers in the study (including pregnant ones) were grouped as *undernourished* or *normal* using MUAC \<23 cm as a cut-off point.

For comparison purposes and where possible, results were presented along with findings from national/regional studies. Statistical significance was set at a *p*-value of \<0.05.

Results {#sec006}
=======

Household structure: Socioeconomic and demographic characteristics {#sec007}
------------------------------------------------------------------

Individual and household related background characteristics are presented in [Table 1](#pone.0203914.t001){ref-type="table"}. Similar demographic characteristics were observed in both study areas: No significant difference was observed between the communities in median maternal age (28 yrs), household size (6 persons) and in the proportion of \<5yrs of age children per household (*p*\>0.05). The average household size reported was larger than the national average. Almost all mothers were married. Polygamy was a common practice, particularly in Halaba where one in four mothers had polygamous husbands compared with one in ten at the national level. Compared with the national report, school attendance was much lower among the women; however, their husbands, particularly in Zeway, attended some primary (Grade 1--6) and post-primary education.

10.1371/journal.pone.0203914.t001

###### Socio-demographic characteristics of study participants from two rural communities in Halaba and one rural community in Zeway, Ethiopia[^a^](#t001fn002){ref-type="table-fn"}.

![](pone.0203914.t001){#pone.0203914.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                             Halaba (GS & HK) n = 413                                Zeway (EQ)\    National/regional reports [^b^](#t001fn003){ref-type="table-fn"}^,^ [^c^](#t001fn004){ref-type="table-fn"}
                                                                                                                     n = 217        
  ---------------------------------------------------------- ------------------------------------------------------- -------------- ------------------------------------------------------------------------------------------------------------
  Maternal age, yrs. \[median (IQR)\]                        28 (25--32) [^†^](#t001fn008){ref-type="table-fn"}      28 (25--30)    \-

  Household size \[median (IQR)\]                            6.0 (4.0--7.0) [^†^](#t001fn008){ref-type="table-fn"}   6 (4.0--8.0)   4.9

  Under 5 children/family (%)                                                                                                       

      One                                                    56.2 [^†^](#t001fn008){ref-type="table-fn"}             61.8           \-

      Two or more                                            43.8 [^†^](#t001fn008){ref-type="table-fn"}             38.2           \-

  Marital status (%)                                                                                                                

      Married                                                98.1                                                    94.9           58.1

      Other [^d^](#t001fn005){ref-type="table-fn"}           1.9                                                     5.1            14.8

  Mothers in polygamous family (%)                                                                                                  

      Yes                                                    26.6                                                    18.4           11.6

  Mothers' formal education (%)                                                                                                     

      No formal education                                    80.4                                                    70.5           59.8

      Primary (grade 1--6)                                   16.2                                                    22.6           34.5

      Post primary (above grade 6)                           3.4                                                     6.9            3.7

  Husbands' formal education (%)                                                                                                    

      No formal education                                    53.8                                                    29.5           35.7

      Primary                                                31.5                                                    44.7           56.3

      Post primary                                           14.7                                                    25.8           8.0

  Head of HH (%)                                                                                                                    

      Husbands                                               89.6                                                    93             76.8

      Women                                                  10.4                                                    7              23.2

  Mothers' usual occupation (%)                                                                                                     

      Housewife                                              93.5                                                    89.4           \-

      Petty trading                                          4.1                                                     5.1            \-

      Others [^e^](#t001fn006){ref-type="table-fn"}          2.4                                                     5.5            \-

  Husband's occupation (%)                                                                                                          

      Farmer                                                 90                                                      89.7           87.9

      Other [^e^](#t001fn006){ref-type="table-fn"}           10                                                      10.3           10.1

  Person responsible for fetching water (%)                                                                                         

      Women (mothers)                                        69                                                      65             70.7

      Husband                                                5.3                                                     10.1           7.3

      Children                                               21.5                                                    16.1           19.8

      Maid and other[^f^](#t001fn007){ref-type="table-fn"}   4.1                                                     8.8            0.9
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: GS = Guba-Sherero, HK = Holagoba-Kukie, EQ = Edo-Qontola; SD = Standard deviation; HH = Household; EDHS = Ethiopian demographic and health survey; EHNRI = Ethiopia health and nutrition research institute

^a^ n = 630

^b^ EDHS \[[@pone.0203914.ref001]\]

^c^ comparison figures represent rural population

^d^ Divorced, widowed, separated

^e^ Other = civil servant, agricultural laborer, tenant farmer, daily laborer etc.

^f^ Employed/rented donkey cart

^†^ *p*\>0.05 (Mann-Whitney test for continuous and *χ*^*2*^ *test* for categorical variables).

[Table 1](#pone.0203914.t001){ref-type="table"} also shows that male-headship was very prominent in the study areas. Ninety percent of the women were not involved in any income generating activities (most were housewives).

Farming was the main occupation of their husbands. Stand-pipe/public tap and wells were the main sources of water (91--96% of the time) for households. Fetching water was primarily women's responsibility.

Maternal and child anthropometry and levels of undernutrition {#sec008}
-------------------------------------------------------------

Tables [2](#pone.0203914.t002){ref-type="table"} and [3](#pone.0203914.t003){ref-type="table"} present information based on maternal and child anthropometric measurements. Mothers in Halaba were taller (157.2cm) than those in Zeway (155.6cm) (*p*\<0.05) but had similar average MUAC as Zeway mothers (25cm) ([Table 2](#pone.0203914.t002){ref-type="table"}). Excluding pregnant mothers and those who had babies within the two months preceding the measurement, the average maternal weight was not different while average BMI was slightly lower in Halaba than Zeway mothers (*p*\<0.05). Prevalence of maternal short-stature (≤145cm) was 1% to 5%, comparable to the national prevalence of 4%.

10.1371/journal.pone.0203914.t002

###### Anthropometric measurements and associated indices for mothers from rural communities in Halaba and Zeway area, Ethiopia.

![](pone.0203914.t002){#pone.0203914.t002g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                             Halaba\                                             Zeway\        National/Regional Reports[^a^](#t002fn002){ref-type="table-fn"}
                                                             (GS & HK)                                           (EQ)          
  ---------------------------------------------------------- --------------------------------------------------- ------------- -----------------------------------------------------------------
  Average anthropometric scores                              n = 341                                             n = 162       

      Height (cm)                                            157.2 ±5.8 [^b^](#t002fn003){ref-type="table-fn"}   155.6 ± 6.4   \-

      MUAC (cm)                                              24.6 ±2.4                                           25.1 ± 3.3    \-

                                                             n = 266                                             n = 142       

      Weight (kg) [^c^](#t002fn004){ref-type="table-fn"}     50.3 ±6.7                                           51.3 ± 8.7    \-

      BMI (kgm^-2^) [^c^](#t002fn004){ref-type="table-fn"}   20.3 ±2.1 ^b^                                       21.2 ± 3.6)   20.2

  Maternal stature categories (%)                            n = 341                                             n = 162       

      Height \< 145 cm                                       1.2                                                 4.9           3.4

      Height 145--150 cm                                     9.1                                                 10.5          \-

      Height \> 150 cm                                       89.7                                                84.6          \-

  Body mass index ^a^ (kg/m^2^) categories (%)               n = 266                                             n = 142       

      Underweight (BMI \< 18.5)                              21.8                                                14.1          26.9

      Normal range (BMI 18.5--24.99)                         75.6                                                77.5          67.4

      Overweight/obese (BMI \> 25.0)                         2.6                                                 8.4           5.7

  Undernutrition based on MUAC (%)                           n = 341                                             n = 163       

      Undernourished (\< 23 cm)                              27                                                  23.5          \-

      Normal (≥ 23 cm)                                       73                                                  76.5          \-
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: GS = Guba-Sherero; HK = Holagoba-Kukie; EQ = Edo-Qontola; SD = Standard deviation; MUAC = Mid-upper arm circumference; BMI = Body mass index; EDHS = Ethiopia demographic and health survey

^a^ EDHS \[[@pone.0203914.ref001]\]

^b^ Significant between communities at *p*\<0.05 *(independent t test)*

^c^ Excludes i) pregnant mothers, ii) pregnant and lactating mothers and iii) mothers who had babies within the last two months prior to the anthropometric measurement

10.1371/journal.pone.0203914.t003

###### Anthropometric measurements and associated indices for \<5yrs of age children from rural communities of *Halaba* and *Zeway* areas, Ethiopia.

![](pone.0203914.t003){#pone.0203914.t003g}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                          Halaba\                                             Zeway\                                           National/ Regional Reports [^a^](#t003fn002){ref-type="table-fn"}
                                                          (GS & HK)                                           (EQ)                                             
  ------------------------------------------------------- --------------------------------------------------- ------------------------------------------------ -------------------------------------------------------------------
  Mean (SD) z-scores                                      n = 355                                             n = 170                                          

      Length/height-for-age                               -2.1 ± 1.6 [^b^](#t003fn003){ref-type="table-fn"}   -1.6 ±1.6                                        -1.7

      Weight-for-length/height                            -0.5 ± 1.2                                          -0.32 ± 1                                        -0.5

      Weight-for-age                                      -1.6 ± 1.4 [^b^](#t003fn003){ref-type="table-fn"}   -1.1 ± 1.2                                       -1.3

      BMI-for-age                                         -0.4 ± 1.2 [^c^](#t003fn003){ref-type="table-fn"}   -0.13 (± 1                                       \-

      Head circumference (cm)                             45.2 ± 3.4 [^b^](#t003fn003){ref-type="table-fn"}   47.2 ± 2.7                                       \-

      Head circumference-for-age                          0 ± 1.2                                             -0.03 ± 1.2                                      \-

                                                          n = 301 [^d^](#t003fn004){ref-type="table-fn"}      n = 165 [^d^](#t003fn004){ref-type="table-fn"}   

      MUAC (cm)                                           13.1 ± 1.2 [^c^](#t003fn003){ref-type="table-fn"}   13.6 ± 1.3                                       ^-^

      MUAC-for-age                                        -1.5 ± 1.1                                          -1.4 ± 1                                         \-

      TSF thickness (mm)                                  8.5 ± 1.7                                           8.3 ± 1.7                                        \-

      Triceps skinfold-for-age                            0.1 ± 1                                             -0.03 ± 1                                        \-

  Prevalence estimates (%)                                n = 355                                             n = 170                                          

      Stunting (HAZ \<-2SD                                53.5[^e^](#t003fn005){ref-type="table-fn"}          41.8                                             44.4

      Wasting (WHZ\<-2SD)                                 10.4 [^e^](#t003fn005){ref-type="table-fn"}         4.1                                              9.7

      Underweight (WAZ\<-2SD)                             36.3 [^e^](#t003fn005){ref-type="table-fn"}         21.3                                             28.7

                                                          n = 315 [^d^](#t003fn004){ref-type="table-fn"}      n = 169 [^d^](#t003fn004){ref-type="table-fn"}   

      MUAC-for-age \< -2SD                                30.2                                                24.9                                             \-

  Gender disaggregated prevalence of undernutrition (%)   n = 355                                             n = 170                                          

      Stunting                                                                                                                                                 

          Male                                            52                                                  48.1                                             46.2

          Female                                          55.1[^e^](#t003fn005){ref-type="table-fn"}          36.3                                             42.5

      Wasting                                                                                                                                                  

          Male                                            12.8 [^e^](#t003fn005){ref-type="table-fn"}         3.8                                              11.1

          Female                                          8                                                   4.4                                              8.2

      Underweight                                                                                                                                              

          Male                                            39.7 [^e^](#t003fn005){ref-type="table-fn"}         21.8                                             30.5

          Female                                          33.0 [^e^](#t003fn005){ref-type="table-fn"}         20.9                                             26.8
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: GS = Guba-Sherero; HK = Holagoba Kukie; EQ = Edo-Qontola; MUAC = Mid-upper arm circumference; TSF = Triceps skinfold thickness; HAZ = Height-for-age Z-score; WHZ = Weight-for-height Z-score; WAZ = Weight-for-age Z-score; SD = Standard deviation

^a^ EDHS \[[@pone.0203914.ref001]\]

^b^ and ^c^ Significant between Halaba and Zeway at *p*\<0.001 and *p*\<0.05, respectively *(independent t- test);*

^d^ Minimum child age for the anthropometric indices in these groups is 3 months

^e^ Significant between Halaba and Zeway at *p*\<0.05 *(χ*^*2*^ *test)*

Maternal undernutrition (% BMI \<18.5) was 22% in Halaba and 14% in Zeway. Most of the mothers had normal BMI. When MUAC was used to estimate proportion of undernourished mothers (MUAC\< 23cm), 27% of Halaba and 24% of Zeway mothers fell in the undernourished category. However, no significant differences were observed between communities in proportion of undernourished mothers using either BMI or MUAC (*p*\>0.05).

Mean Z-scores of various anthropometric indicators of Halaba children, particularly the ones measuring height/length-for-age and weight-for-age were as low as -2.1 and -1.6, respectively, and significantly lower than the respective values for Zeway children (*p*\<0.001) ([Table 3](#pone.0203914.t003){ref-type="table"}).

Prevalence of undernutrition in \<5yrs of age children, particularly stunting (54%) and underweight (36%), were very high in Halaba communities. The respective findings in the Zeway community were 42% and 21%---still very high but significantly lower compared with Halaba children (*p*\<0.05). The prevalence estimates for Zeway children were lower than those reported at national level, whereas stunting and underweight in Halaba were 20% and 26%, respectively, higher than the national estimates.

Gender disaggregated prevalence of child undernutrition showed no significant difference in prevalence of stunting, wasting and underweight between males and female children within communities. However, more stunted (55.1%) and underweight (33%) female children resided in Halaba than Zeway (36.3% stunted and 20.9% underweight) (*p*\<0.05). Among male children, significantly more wasting and underweight were found in Halaba than Zeway.

Access and utilization of health services, dietary habits and food taboos during pregnancy and lactation {#sec009}
--------------------------------------------------------------------------------------------------------

[Table 4](#pone.0203914.t004){ref-type="table"} presents findings on access and utilization of health services, dietary habits and food taboos during pregnancy and lactation. During their most recent pregnancy, most mothers attended their antenatal care (ANC) at a Health Post or Health Centre (depending on proximity). Health Post is a component of primary healthcare unit that provides basic preventive/ promotive health services mostly for the rural Ethiopia population whereas Health Centre, also part of primary health care unit, severs as a referral for Health Posts and provides curative services to common diseases.

10.1371/journal.pone.0203914.t004

###### Access and utilization of health/nutrition services, and dietary habits during most recent pregnancy of mothers from rural communities of Halaba and Zeway area, Ethiopia[^a^](#t004fn002){ref-type="table-fn"}.

![](pone.0203914.t004){#pone.0203914.t004g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                            Halaba\     Zeway\    National/Regional reports[^b^](#t004fn003){ref-type="table-fn"}
                                                                            (GS & HK)   (EQ)      
  ------------------------------------------------------------------------- ----------- --------- -----------------------------------------------------------------
  ANC facility attendance (%)                                               n = 413     n = 217   

      Didn't go anywhere                                                    11.4        17.1      \-

      Health Post (HEW)                                                     39.2        2.3       40.9

      Health Center (nurse/midwife)                                         49.4        78.3      \-

      Hospitals (Doctor/nurse/ midwife)                                     0           2.3       48.4

  ANC visits during last pregnancy (%)                                      n = 409     n = 217   

      \< 4 ANC visits                                                       70.5        64.1      63.7 [^c^](#t004fn004){ref-type="table-fn"}

      4--5 ANC visits                                                       25.9        35.9      14.0 [^c^](#t004fn004){ref-type="table-fn"}

      6 and above ANC visits                                                3.7         0.0       22.3 [^c^](#t004fn004){ref-type="table-fn"}

  Received iron/folate supplement during last pregnancy (%)                 n = 412     n = 217   

      Yes                                                                   72.6        51.6      15.1 [^c^](#t004fn004){ref-type="table-fn"}

  Place of delivery of youngest child (%)                                   n = 412     n = 217   

      Own home                                                              90.3        82.0      95.7 [^c^](#t004fn004){ref-type="table-fn"}

      Health facility                                                       8.9         17.9      4.3 [^c^](#t004fn004){ref-type="table-fn"}

  Received any health/nutrition education during/after last pregnancy (%)   n = 413     n = 217   

      Yes                                                                   58.8        23.5      \-

  Stopped eating certain foods during pregnancy for cultural reasons (%)    n = 412     n = 217   

      Yes                                                                   61.4 ^d^    18.0      \-

  Consumption pattern during last pregnancy (%)                             n = 411     n = 214   

      More than usual                                                       4.6         15.4      9.1 [^c^](#t004fn004){ref-type="table-fn"}

      Same as usual                                                         19.5        54.7      28.1 [^c^](#t004fn004){ref-type="table-fn"}

      Less than usual                                                       75.9        29.9      55.4 [^c^](#t004fn004){ref-type="table-fn"}

  Eating pattern during lactation (%)                                       n = 410     n = 215   

      More than usual                                                       75.6        55.3      \-

      Same/less than usual                                                  24.4        44.7      \-

  Knowledge of balanced diet (%)                                            n = 411     n = 215   

      Yes                                                                   24.0        58.6      \-
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: ANC = Antenatal clinic; HEW = Health extension workers; GS = Guba-Sherero, HK = Holagoba Kukie, EQ = Edo-Qontola

^a^ n = 630

^b^ EDHS \[[@pone.0203914.ref001]\]

^c^ EHNRI \[[@pone.0203914.ref022]\]

^d^ significant at *p*\<0.001 *(χ*^*2*^ *test)*

Higher proportion of Zeway mothers had greater number of ANC visits (4--5 times) but also visited a Health Centre. Hospital use for ANC was very minimal or nonexistent in both Halaba and Zeway. Delivery of babies at a healthcare-facility was very minimal, particularly in Halaba. More mothers in Halaba than Zeway reported receiving iron/folate supplement during pregnancy. However, 77% Zeway and 41% Halaba mothers did not get health/nutrition education before or after delivery of their youngest baby. Food taboos were more common in Halaba (61%) than Zeway (18%) (*p*\<0.001). Most common foods mothers avoided during pregnancy were animal source foods such as dairy (including cheese, milk/butter milk, yoghurt, and whey), liver, meat, fish and plant source foods such as banana, avocado, kale, sweet potato, and yam. Majority mothers (96% in Halaba and 85% in Zeway) said they ate the "same as usual" or "less than usual" during their pregnancy. In a follow-up question (data not shown), "poor appetite" and "feeling nauseated/sick" followed by "inability to afford desired food" were mentioned as reasons for not eating more during pregnancy. Whereas, "increased appetite due to lactation" was mentioned as a reason for eating more during lactation. In Halaba, only one in four mothers knew what a balanced diet was compared with two in four in Zeway.

### Associations of gender, household structure, access and utilization of health services and diet related variables with maternal and child undernutrition {#sec010}

[Table 5](#pone.0203914.t005){ref-type="table"} presents Chi-square associations of various gender and household structure related variables with maternal undernutrition (% BMI \<18.5) and child stunting (% LAZ\<-2SD). Empowerment index significantly associated with child stunting (*p*\<0.05) but not with maternal undernutrition. Women's access to their own piece of land did not significantly associate with either maternal or child undernutrition. Slightly more stunted (47%) than non-stunted (43%) children were observed in households where only men controlled agricultural produce, but the difference was not significant. Other gender related variables, such as work-burden of women, presence or absence of polygamy in the home and headship of household, did not show significant association with maternal and child nutritional status.

10.1371/journal.pone.0203914.t005

###### Association of gender, household structure and location related variables to maternal undernutrition and child stunting in rural Halaba and Zeway, Ethiopia.
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  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                [Maternal undernutrition (BMI\<18.5)]{.ul}   [Child stunting (HAZ \<-2SD)]{.ul}                                                                      
  ------------------------------------------------------------- -------------------------------------------- ------------------------------------ ---------------------------------------------------- ------ ------ ---------------
  Empowerment index [^a^](#t005fn002){ref-type="table-fn"}      n = 408                                      n = 525                                                                                                 

      \< 0 [^b^](#t005fn003){ref-type="table-fn"}               41.7                                         8.3                                  χ2 = 2.971\                                          24.2   26.9   χ2 = 8.694\
                                                                                                                                                  *p* = 0.396                                                        *p* = 0.034

      0--2                                                      6.4                                          2.5                                  5.9                                                  2.5           

      3--5                                                      18.6                                         5.1                                  12.6                                                 11.6          

      \> 5                                                      14.2                                         3.2                                  7.6                                                  8.8           

  Women with access to own land                                 n = 401                                      n = 519                                                                                                 

      No                                                        58.6                                         14.2                                 χ2 = 0.003\                                          38.3   35.1   χ2 = 2.162\
                                                                                                                                                  *p* = 0.954                                                        *p* = 0.142

      Yes                                                       21.9                                         5.2                                  11.9                                                 14.6          

  Control of farm produce                                       n = 316                                      n = 414                                                                                                 

      Men                                                       70.3                                         18.2                                 χ2 = 1.065\                                          43.7   45.8   χ2 = 7.598\
                                                                                                                                                  *p* = 0.587                                                        *p* = 0.022

      Women                                                     2.9                                          0.5                                  2.5                                                  0.4           

      Both                                                      7.0                                          1.1                                  4.1                                                  3.5           

  Work burden of women [^c^](#t005fn004){ref-type="table-fn"}   n = 408                                      n = 525                                                                                                 

      Shorter distance (\<30 minutes)                           23.5                                         5.2                                  χ2 = 0.145\                                          15     13.7   χ2 = 0.35\
                                                                                                                                                  *p* = 0.703                                                        *p* = 0.554

      Longer distance (≥30 minutes)                             57.4                                         14.0                                 35.2                                                 36            

  Polygamy                                                      n = 408                                      n = 525                                                                                                 

      No                                                        63.7                                         14                                   χ2 = 1.187\                                          38.7   38.9   χ2 = 0.121\
                                                                                                                                                  *p* = 0.276                                                        *p* = 0.728

      Yes                                                       17.2                                         5.1                                  11.6                                                 10.9          

  Household headship                                            n = 407                                      n = 522                                                                                                 

      Men                                                       74.2                                         16.7                                 χ2 = 1.624\                                          46.4   44.6   χ2 = 0.672\
                                                                                                                                                  *p* = 0.203                                                        *p* = 0.412

      Women or both                                             6.6                                          2.5                                  4                                                    5             

  Household size                                                n = 408                                      n = 525                                                                                                 

      \< 6                                                      31.4                                         9.6                                  χ2 = 3.28\                                           19     23.8   χ2 = 5.374\
                                                                                                                                                  *p* = .047 ^e^                                                     *p* = 0.02

      ≥ 6                                                       49.5                                         9.6                                  31.2                                                 25.9          

  Physiological density[^d^](#t005fn003){ref-type="table-fn"}   n = 387                                      n = 497                                                                                                 

      8 or less                                                 49.9                                         11.6                                 χ2 = 0.088\                                          34.6   29.4   χ2 = 5.615\
                                                                                                                                                  *p* = 0.766                                                        *p* = 0.018

      \>8                                                       30.7                                         7.8                                  15.5                                                 20.5          

  Household TLU                                                 n = 408                                      n = 525                                                                                                 

      Low (\<2.5)                                               46.3                                         11.3                                 χ2 = 0.145\                                          29.7   28.4   χ2 = 2.931\
                                                                                                                                                  *p* = 0.93                                                         *p* = 0.231

      Average (2.5--5)                                          23.5                                         5.1                                  13.3                                                 16            

      High (\>5)                                                11                                           2.7                                  7.2                                                  5.3           

  Wealth index                                                  n = 408                                      n = 523                                                                                                 

      Low (\<4)                                                 23.2                                         5.2                                  χ2 = 1.612\                                          14.9   14.5   χ2 = 2.867\
                                                                                                                                                  *p* = 0.447                                                        *p* = 0.239

      Medium (4--8)                                             33.7                                         9.1                                  20.3                                                 22.9          

      High (\>8)                                                24.4                                         4.4                                  15.3                                                 12            

  Consumption pattern during pregnancy                          n = 406                                      n = 521                                                                                                 

      More than usual                                           6.7                                          1.7                                  χ2 = 0.045\                                          5.6    2.7    χ2 = 5.517\
                                                                                                                                                  *p* = 0.831                                                        *p* = 0.019

      Same/less than usual                                      74.1                                         17.5                                 44.7                                                 47            

  Maternal knowledge of balanced diet                           n = 405                                      n = 521                                                                                                 

      No                                                        51.4                                         10.6                                 χ^2^ = 1.517\                                        31.1   32.2   χ^2^ = 0.364\
                                                                                                                                                  *p* = 0.218                                                        *p* = 0.546

      Yes                                                       29.6                                         8.4                                  19                                                   17.7          

  Geographic location of households                             n = 525                                      n = 525                                                                                                 

      Halaba                                                    51                                           14.4                                 χ2 = 3.568\                                          31.4   36.2   χ2 = 6.355\
                                                                                                                                                  *p* = 0.038 [^e^](#t005fn006){ref-type="table-fn"}                 *p* = 0.012

      Zeway                                                     29.9                                         4.9                                  18.9                                                 13.5          
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviation: BMI = Body Mass Index; HAZ = Height-for-age z score; SD = Standard deviation; TLU = Tropical livestock unit

^a^ measured using difference in men-women years of formal schooling as a proxy

^**b**^ indicates households where women had more years of formal schooling than men

^c^ measured using time required for fetching drinking water as a proxy; TLU = Tropical livestock unite

^d^ number of persons in a household per unit of cultivable land

^e^ *p*-value from *Fisher's exact test*

Having a household size of \<6 or ≥6 persons significantly associated with maternal undernutrition (*p*\<0.05) and with child stunting (*p*\<0.05). Physiological density also significantly associated with child stunting (*p*\<0.05), but not with maternal undernutrition. Households' economic structure variables (i.e. TLU of households and wealth index) did not significantly associate with either outcome. Maternal dietary habit during pregnancy (eating "more than usual" or "same/less than usual") significantly associated with child stunting (*p*\<0.05) and underweight (*p*\<0.05), but not with maternal undernutrition. Mothers' knowledge of balanced diet did not associate with undernutrition in either group. However, residing in Halaba or Zeway significantly associated with both maternal undernutrition (*p\<*0.05) and child stunting (*p\<*0.05).

Access and utilization of health-nutrition services (i.e. ANC attendance, number of ANC visits, place of delivery, receiving iron-folate supplements or health-nutrition education), food taboos and knowledge of balanced diet did not significantly associate with either maternal undernutrition or child stunting. But abstinence from certain foods during pregnancy (food taboo) significantly associated with child wasting (*p* = 0.024).

### Multiple variable analysis of determinants in maternal and child undernutrition {#sec011}

In a follow-up multiple variable regression analysis of variables that were significant in the bivariate analysis, geographic location of households, i.e. being in Halaba or Zeway (*p*\<0.01) and household size, i.e. \<6 or ≥6 members/HH (*p*\<0.05), in order of importance, remained independent predicators of maternal BMI after adjustment for other factors in the model ([Table 6](#pone.0203914.t006){ref-type="table"}). The overall model was significant and predicted a small variation in maternal BMI (R^2^ = 0.054, *p*\<0.015). Likewise, household size (*p*\<0.001), men vs. women control of farm produce (*p*\<0.01) and physiological density (*p*\<0.05), in order of importance, remained independent predictors of LAZ/HAZ in children while dietary consumption pattern during pregnancy (*p* = 0.056) and geographic location of households (*p* = 0.089) were near significant. The overall model was highly significant and predicted a small variation in LAZ/HAZ of children (R^2^ = 0.074, *p*\<0.001).

10.1371/journal.pone.0203914.t006

###### Determinants of BMI in mothers and HAZ in children from rural communities of Halaba and Zeway area, Ethiopia.
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                                         Mean BMI of mothers   Mean LAZ/HAZ of children                                                         
  -------------------------------------- --------------------- -------------------------- ------ ------ ---------- ----- ------- ------ ------- -----------------------------------------------
  Empowerment index                                                                                                                             
      \< 0                               189                   20.4                       .105   20.5   .079       252   -1.95   .074   -1.90   .050
      0--2                               34                    21.2                              21.0              40    -1.54          -1.70   
      3--5                               84                    20.4                              20.3              111   -1.92          -1.96   
      \> 5                               65                    20.9                              20.8              78    -2.01          -2.03   
  Control of farm produce                                                                                                                       
      Men                                329                   20.5                       .053   20.6   .079       430   -1.99   .156   -1.97   .136[\*\*](#t006fn005){ref-type="table-fn"}
      Women                              13                    21.3                              20.7              14    -0.60          -0.68   
      Both                               30                    20.4                              19.8              37    -1.61          -1.80   
  Household size                                                                                                                                
      \< 6                               154                   20.1                       .127   20.2   .115\*     207   -2.21   .157   -2.24   .175[\*\*\*](#t006fn006){ref-type="table-fn"}
      ≥ 6                                218                   20.8                              20.8              274   -1.70          -1.67   
  Physiological density                                                                                                                         
      8 or less                          228                   20.5                       .030   20.5   .010       307   -1.85   .056   -1.81   .084[\*](#t006fn004){ref-type="table-fn"}
      \>8                                144                   20.6                              20.6              174   -2.03          -2.10   
  Consumption pattern during pregnancy                                                                                                          
      More than usual                    31                    20.8                       .024   20.5   .006       38    -1.52   .072   -1.56   .065[^a^](#t006fn007){ref-type="table-fn"}
      Same/less than usual               341                   20.5                              20.5              443   -1.95          -1.95   
  Geographic location of households                                                                                                             
      Halaba                             243                   20.2                       .168   20.2   .179\*\*   327   -2.09   .159   -2.01   .086[^b^](#t006fn008){ref-type="table-fn"}
      Zeway                              129                   21.2                              21.2              154   -1.55          -1.72   

Mean BMI of mothers: **R** = 0.233; **R**^**2**^ = 0.054; Grand mean = 20.5; Number of cases = 372; **Model**: *F* (9) = 2.314, *p* \<0.015

Mean LAZ/HAZ of children: **R** = 0.273; **R**^**2**^ = 0.074; Grand mean = -1.92; Number of cases = 481; **Model**: *F* (9) = 4.210, *p\<*0.001

Abbreviations: BMI = Body Mass Index; HAZ = Height-for-age Z score; η = coefficient for the bivariate association; β = coefficient for the multivariate association

\*significant at *p*\<0.05

\*\*significant at *p*\<0.01

\*\*\*significant at *p*\<0.001

^a^ *p* = 0.056

^b^ *p* = 0.089.

Discussion {#sec012}
==========

We found an alarming level of child stunting in our study communities--54% in Halaba and 42% in Zeway. The levels of maternal undernutrition ranged from moderate (14%) in Zeway to high (22%) in Halaba communities. We also found that 95% of Halaba and 85% of Zeway mothers reported dietary consumption patterns that were "same as usual" or "less than usual" during their most recent pregnancy compared to times of non-pregnancy or lactation. The practice of food taboos by mothers was up to 61% in Halaba and 18% in Zeway communities. Gender and socioeconomic-demographic factors, such as imbalance of power, physiological density, household size and dietary habits during pregnancy, showed significant associations with maternal and child undernutrition.

Targeting the nutrition of most vulnerable groups, such as pregnant-lactating mothers, adolescent girls, infants and young children, is one of the strategies to break the cycle of chronic undernutrition with emphasis to the first 1000 days of life \[[@pone.0203914.ref006], [@pone.0203914.ref007], [@pone.0203914.ref032]\]. In agreement to this, Ethiopia launched a National Nutrition Program (NNP) in 2008. The NNP was later revised with the intent to accelerate progress and achieve the Millennium Development Goals \[[@pone.0203914.ref011], [@pone.0203914.ref012]\]. Reducing stunting from 46% to 37% was set as part of the country's five years (2010--2015) Growth and Transformation Plan \[[@pone.0203914.ref033]\]. To deliver the service from NNP, Ethiopia took advantage of the already in place national Health Extension Program implemented to improve access to basic health and nutrition services at grass root levels \[[@pone.0203914.ref034]\]. Nutrition specific and nutrition sensitive programs have been put in place through initiatives such as community-based nutrition and Agricultural Extensions Programs. As a result of these and other related initiatives, Ethiopia has experienced reduced prevalence of stunting, wasting and underweight as well as low-birth-weight babies over the past few years \[[@pone.0203914.ref035]\].

Despite these encouraging pro-nutrition environments, our findings indicated existence of undernutrition that is of serious public health concern. The prevalence of maternal undernutrition we reported, though lower than the 27% national prevalence \[[@pone.0203914.ref001]\], presents a continued challenge for the particular region. Level of maternal undernutrition in Ethiopia in 2011 DHS were nearly twice as high as those reported for neighbouring country of Kenya or Uganda in recent DHS \[[@pone.0203914.ref036], [@pone.0203914.ref037]\]. Maternal undernutrition, along with maternal short-stature, is known to increase obstetric risks and maternal morbidity, even in the presence of adequate medical services \[[@pone.0203914.ref038]\]. In addition, it is a known risk factor for Intra-Uterine Growth Restriction (IUGR), and subsequent low-birth-weight babies, with increased risk of neonatal mortality or stunting \[[@pone.0203914.ref007], [@pone.0203914.ref009], [@pone.0203914.ref017]\]. In the current study, mother-child malnutrition phenomenon (i.e. co-existence of undernourished mother with stunted child in the same household) was observed in 10% and 8% of households in Halaba and Zeway, respectively (data not shown). This means a stunted child was present in nearly 50% or more of the households with undernourished mothers. An insult during fetal or embryonic development, per the theory of fetal programing of chronic diseases, has also been linked to adult-diseases, such as coronary heart disease, hypertension, type-2 diabetes and high cholesterol \[[@pone.0203914.ref008], [@pone.0203914.ref039], [@pone.0203914.ref040]\].

The alarmingly high levels of child stunting found in our study are 50% - 80% higher compared with levels in neighbouring countries \[[@pone.0203914.ref036], [@pone.0203914.ref037], [@pone.0203914.ref041], [@pone.0203914.ref042]\]. The prevalence of underweight (a combined reflection of both stunting and wasting) in Halaba was 70% higher than the level found in Zeway community. Both stunting and underweight levels for Halaba children were not only higher compared with values reported in 2011 DHS at national level \[[@pone.0203914.ref001]\] but also higher than values from DHS 2005. Regardless of what the baseline prevalence in 2005 may have been in these communities, the levels reported here signal a serious warning for nutrition program implementers in the region. Research has already established that stunting compromises both the physical and mental productivity of a country's future labor force \[[@pone.0203914.ref010], [@pone.0203914.ref043], [@pone.0203914.ref044]\]; hence the level of stunting reported here (over 50%) should raise a serious concern for future labor force in the region.

The fact wasting was relatively low (at least, in Zeway community, 4%) indicates that stunting was major contributor to the observed high or very high level of underweight among children. Stunting reflects poor nutrition/care suffered for a long period of time as opposed to wasting, which reflects acute situation of poor nutrition from primary or secondary causes. Addressing wasting in children need not be neglected; but health and nutrition programs need to be specific enough to address stunting. Previous similar studies in younger children (\<2yrs or 3yrs of age) from adjacent regions of south Ethiopia also reported high levels of child stunting but not as high as what we reported here \[[@pone.0203914.ref023], [@pone.0203914.ref045], [@pone.0203914.ref046]\]. High levels of stunting (31%) were also reported among adolescent girls in Halaba area in a recent community-based study \[[@pone.0203914.ref024]\].

The lack of significant difference between boys and girls in the gender disaggregated data for stunting, wasting and underweight may indicate that both boys and girls were equally vulnerable to poor nutrition at early age and there was no differential vulnerability based on gender (result not shown). However, stunting tended to be higher (by 12%) in boys than girls in the Zeway community (*p* = 0.08).

Poor nourishment and/or health may be the obvious causes of maternal and child undernutrition. However, women and young children are surrounded by a host of underlying and basic factors in their physical and social environment that play key role in their nutrition and health. These factors, often referred to as *social determinants of health* \[[@pone.0203914.ref014]\], may greatly impact the growing environment of children. Access and utilization of health/nutrition services may affect maternal and child nutritional status as most mothers in Ethiopia live in rural areas where information/services on nutrition/health are limited. Children are more vulnerable to effects of sub-optimal growing environment because they depend on adults, mostly women, for necessary care. Hence, the adequacy of care women provide to children is affected by their own socioeconomic status---gender related factors, such as their level of empowerment, access-control of important resources and the work-burden they shoulder. In addition, household level factors such as 'number of people in the household', wealth, and ownership of livestock are also factors capable of modifying health/nutrition environments for children and women. The socioeconomic and demographic characteristics we presented in [Table 1](#pone.0203914.t001){ref-type="table"} (such as, low literacy levels, patriarchal family structure, farming as main livelihood and large household size) follow similar trends as in DHS and other local studies \[[@pone.0203914.ref001], [@pone.0203914.ref022], [@pone.0203914.ref045], [@pone.0203914.ref047]\].

Many of these factors, presented in [Table 5](#pone.0203914.t005){ref-type="table"}, did not show significant associations with maternal nutritional status. However, household size (number of persons in the house) and location of households (Halaba vs. Zeway) were independent predictors both in the bivariate and regression analysis. Larger family size may exacerbate the pressure on women as they carry out their biological role of bearing and rearing children. Empowerment index (a gender variable estimated through the proxy variable "difference in formal schooling between husband and wife") significantly associated with child stunting in the bivariate but not in the multiple variable analysis. The proportion of stunted children was the smallest (2.5%) and mean LAZ/HAZ was the least (-1.7) in households where the difference in empowerment was the least. This might imply that imbalance in empowerment affects decision making and communications in the household, which in turn negatively influence child-caring practices. In addition, child LAZ/HAZ mean scores where better in households where women (or both gender) controlled farm produce, indicating the importance of ensuring women's control of important resources to better position them for improved child care.

Likewise, high physiological density may mean less food produced to feed members of the household, hence implication to child nutritional status. Either or both large family size and smaller farm-land holding contribute to high physiological density. This challenge can be mitigated by population policy (i.e., improved reproductive health services to limit unintended pregnancies) and a strong agriculture policy that improves productivity in a small plot of land. Both physiological-density and household size have shown significant association with markers of child stunting in bivariate and multiple variable regression analysis in our study.

Dietary consumption pattern during most recent pregnancy was another important variable that showed significant association with child stunting in bivariate analysis. This association was weaker when LAZ/HAZ was used as continuous outcome variable in the MCA model but was nearly significant. Diet during pregnancy affects maternal health and child development at early stages. Earlier studies looked into factors dictating human growth process in infancy, childhood and puberty, and documented that growth in infancy and early childhood is 'nutrition-driven' while growth in the later stages is "hormone-driven"\[[@pone.0203914.ref048]\]. Some also added that growth at the early stage of infancy is simply "a post-natal continuation of fetal growth" \[[@pone.0203914.ref049]\]. Maternal undernutrition and poor dietary habit during pregnancy was a known risk factor for intrauterine growth restriction and poor pregnancy outcome (low-birth-weight), both of which were shown to be major risk factors for childhood stunting \[[@pone.0203914.ref007], [@pone.0203914.ref050]--[@pone.0203914.ref053]\]. Besides abstaining from consumption of certain nutritious foods during pregnancy, a large majority (85% -95%) of mothers in our study reported consuming "as usual" or "less than usual" during this critical period ([Table 4](#pone.0203914.t004){ref-type="table"}). Our finding on poor dietary practices during pregnancy was not only consistent with the national report in 2009 \[[@pone.0203914.ref022]\] but also was an indication to the lack of improvement five years after the launch of the NNP. Though we were unable to connect poor diet during pregnancy and birth-weight in our communities (as \~90% birth happened at home), the alarming levels of child stunting and moderate to high levels of maternal undernutrition indicate the poor growing environment available for the children to thrive. These findings again call for more focused nutrition/health services to and improved utilization by mothers and children in our study communities and similar settings if the country is to sustain progress in the reduction of undernutrition toward achieving the new sustainable development goals \[[@pone.0203914.ref054]\].

The strength of this study was that it investigated mother-child undernutrition levels five years into the implementation of the NNP phase-1 and explored a set of gender specific or gender sensitive, as well as socioeconomic-demographic variables affecting maternal and child undernutrition in rural Ethiopia. Selection of the study communities was purposive which may limit the external validity of the findings; however, applying our results to other rural communities, given the similarities in health and agriculture services, physical infrastructure, local government etc., could still be applicable and warranted.

Conclusion {#sec013}
==========

In this study, we have reported very high levels of child stunting (up to 54%) and underweight (up to 36%). We also report moderate to high levels of maternal undernutrition. Gender, as well as socioeconomic and demographic factors, such as empowerment imbalance, control of farm produce, physiological density, household size and dietary habits during pregnancy, showed significant associations, or trends, with maternal and child undernutrition in bivariate and multiple variable analysis. We were also concerned with the poor dietary habits, including existing food taboos, of the women during pregnancy. Our findings stress the need for health program implementers to provide nutrition education before, during and after pregnancy, as the health of mothers is critical to the health of both the mother and fetus. Overall, this cross-sectional study provides important information to nutrition/health service providers in rural communities in evaluating and strengthening existing health programs targeting women and children, and in the development of new programs. Attention should be focussed on women's education, access and control of resources, as well as better reproductive health services, to improve women's balance of power in the household and ensure optimum family size for better nutrition.
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###### 

Click here for additional data file.
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